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Is there water 
on the moon? 





We return to the Moon! 



• The Vision for Space Exploration includes 
objectives for robotic and human 
spaceflight: 

- Implement a sustained and affordable human and 

robotic program to explore the solar system and 
beyond; ' , 

- Extend human presence across the solar system, - 
starting with a human return to the Moon by the year 
2020, in preparation for human exploration of Mars 
and other d esti riati o n 

• A lunar outp 
it work??? 
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Why look for water? 


Humans at a lunar outpost will 
need water: 

- Option 1: Carry it there. 

- Option 2: Use water that may be there 
already! 

Carrying water to the moon will 
be expensive! 

Learning to “Live off thefand” 
could make sustainability of 4i ~ 
lunar outpost easier and 




Hydrogen has been detected at the poles... 
Is It water ice??? 
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Lunar Prospector neutron spectrometer maps of the lunar poles. 
These low resolution data indicate elevated concentrations of 
hydrogen at both poles; it does not tell us the form of the hydrogen. 
Map courtesy of D. Lawrence, Los Alamos National Laboratory. 




Where will we look? 
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Lunar Prospector Hydrogen Map 
(Maurice et la., 2003) 


Radar Topography 
(Margot et la., 1999) 
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How can we look for water? 


With a robotic 
spacecraft: 

- The Lunar Crater 
Observation and 
Sensing Satellite 
(LCROSS) 




Concept 


Peter Schultz 

Impact the moon at 2.5 km/sec with a Centaur upper stage and create an 
ejecta cloud that may reach 30 km about the surface 

Observe the impact and ejecta with instruments that can detect water 





Instruments 


LCROSS Payload _ . . 

_ . _ ^ Sponsorship 

Science Instrument 



Visible Camera 


Ecliptic Enterprises 
RocketCam 



Near Infrared Goodrich Sensors 

Cameras Unlimited SU320-KTX 



Mid-Infrared 

Cameras 


Thermotekmx 
MIR 1C TB2-30 



Visible 

Spectrometer 


Ocean Optics 


Measurement 


Visible context imagery: Monitor exacta cloud 
morphology; Determine visible grain properties 

NIR (1 .1-1 .7 urn) context imagery; Monitor exacta 
cloud morphology; Determine NIR grain properties; 
Water concentration maps 

MIR (6.5-15 urn) thermal image; Monitor the exacta 
cloud morphology: Determine MIR grain properties; 
Measure thermal evolution ejecta cloud; Remnant 
crater imagery 

Visible (260-660 nm) emission and reflectance 
spectroscopy of vapor plume, ejecta cloud; Measure 
gram properties; Measure emission H20 vapor 
disso iation, OH- (308nm ) and H20+ (609nm ) 



fluorescence 

NIR (1 .4-2.4 urn) emission and reflectance 
spectroscopy of vapor plume, ejecta cloud; Measure 
grain properties; Measure broad H20 ice features; 
Occultation viewer to measure water vapor 
absorption by cloud particles 

Measure total impact flash luminance (400-1000 
nm), magnitude and decay of luminance curve 


Instrument control and data acquisition 





Mission System 


• LCROSS Shepherding 
Spacecraft 

• Centaur 
Upper Stage 













Subsystems 


• Command and Data 
Handling 

• Electrical Power 

• Thermal Control 

• Payload . 

Jn/ .k &jj. ! 

• Communications 

• Propulsion 

• Structures ^ 

• Attitude Control I 
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Transponder 

Omni 

MGA 

ACS 

IRU 

Sun Sensors 
I Star Tracker 
Propulsion 
5N Thrusters 
22N Thrusters 
5N Cat Bed Htr 
22 N Cat Bed Htr 
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Trajectory 


3.5 Month Cruise 

400,000x700,000km 
earth orbit 

Flyby of lunar north| 
pole for lunar 
gravity assisted 
plane change 

it* 

Impacts south pole 
of Moon. 










Schedule 


• Launch: October 28, 2008 


• Impact: February 5, 2009; 061 5Z 

-> 

- Mission duration: 3.5 months 

- Impact angle: ~65 degrees from local horizontal 






Oct 28 Baseline Description: 
Impact Observation from Earth 









Baseline Mission Timeline [ Oct 28, 2008 Launch] 


Pre-Launch 


Launch 




VIF Pad LV Park LRO Centaur Centaur 

Ops Ops Ascent Orbit Inject/Sep Venting & Handover 
Coast Re-Target To 





Day -1 Day 0 


LCROSS 


Checkout TCM-1 TCM-2 




TCM-3 [TCM-4] 

Swingby 
Calibration 


Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 




Cruise 




SciCal-1 

[TCM-5] 

SciCal-2 

TCM-6 

SciCal-3 

TCM-7 

TCM-8 
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Space to Ground Data Flow Diagram 
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S-Band ONLY: 

Uplink: 4 Kbps 
Downlink: 

• 2 Kbps - RT SOH only 

• 16, 32 kbps - RT and Stored SOH 

• 256 kbps - RT, Stored, 

Payload SOH & Red Mission y 

• 1092 kbps - RT, Stored, 

Payload SOH & jJf 
Full Mission aJM^w* 
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LCROSS Payload instruments 

Visible Camera Visible Spec 

NIR Cameras (2) NIR Spec (2) 

Mid-IR Specs (2) Total Lum. Photometer 


I Omni and MGA 
Antenna 
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LCROSS 
Project Ops 
Management 
(ARC) 


Science 

Operation 

Center 

(ARC) 


Science 

Data 


Network 


(Mission Operations! 
Center (ARC) 


Tracking 


S/C commands 


DSN Ground Stations 


(70- m and 34-m) 


Goldstone , CA, Madrid, Spain 

Scheduling 

Canberra , Australia 

Acquisition 

|[Mo Uplink on 70-m) 

& tracking 


Navigation/Flight Maneuvers 
(GSFC/JPL) 

DSN Scheduling (JPL) 


PDS 


Mission 
Science data, 


Instrument commands 
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light Engineering 
Subsystem Experts 
(NGST/NGTS) 
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